Abstract 4,5,6-Trimethoxyisatin was crystallized from water to give dark red needles that were characterized by NMR and IR spectroscopy, differential scanning calorimetry (DSC), thermogravimetric analysis (TGA), single-crystal X-ray diffraction (XRD) and hot-stage microscopy.
Introduction
In the course of our study of indole alkaloids [1] and their precursors an unexpected melting behavior of purified crystals of 4,5,6-trimethoxyisatin [2] (Figure 1 ) attracted our attention.
The observed anomaly consisted of an apparent transformation of the aspect of crystals during the melting process. This led us to explore the thermal and structural behavior in more detail.
The compound was synthesized as described in the literature [2] , characterized by the usual methods and was recrystallized from water to yield red needles. These crystals were studied using TGA and DSC. The complementary technique of hot-stage microscopy was also applied. Crystals were further studied using single-crystal X-ray diffraction. A suitable single-crystal by APEX2 software [4] . The equipment used to characterize samples included an Oxford
Single-Crystal X-ray Diffraction
Cryosystems Series 700 cryostream monitored remotely using the Cryopad [5] software interface. Images were processed using the software package SAINT+ [6] and data were corrected for absorption by the multi-scan semi-empirical method implemented in SADABS [7] .
Differential scanning calorimetry (DSC)
Differential scanning calorimetry measurements were performed using a Mettler DSC 821e, was then applied.
Thermogravimetric studies (TG)
Samples for thermogravimetric analysis were placed inside open platinum crucibles and studied using a Rheometric Scientific TG1000 thermobalance operating under a flowing argon atmosphere (28 mL min −1 ). A heating rate of 10 ºC min −1 was used and all samples were studied between 30 and 400 ºC. 
Hot stage microscopy studies

Results and discussion
Crystal Structure Description
The structure was solved in the centro-symmetric P2 1 /c space group using the direct methods algorithm implemented in SHELXS-97 [8, 9] , which allowed the immediate location of the vast majority of the atoms belonging to the crystallographically independent molecule. All remaining non-hydrogen atoms were located from difference Fourier maps calculated from successive full-matrix least squares refinement cycles on F 2 using SHELXL-97 [9, 10] . All non-hydrogen atoms were successfully refined using anisotropic displacement parameters.
Even though all hydrogen atoms bound to carbon and nitrogen were clearly visible in difference Fourier maps, these have been located at their idealized positions using appropriate HFIX instructions in SHELXL (43 for the aromatic and the N-H moiety, and 137 for the terminal methyl groups) and included in subsequent refinement cycles in riding-motion approximation with isotropic thermal displacements parameters (U iso ) fixed at 1.2 (for the former families of hydrogen atoms) or 1.5 (for the methyl moieties) times U eq of the carbon atom to which they are attached. The final difference Fourier map synthesis showed the highest peak (0.429 eÅ Information concerning crystallographic data collection and structure refinement details is summarized in Table 1 . 
The derivative 4,5,6-trimethoxyisatin crystallizes in a manner similar to that observed for the parent and previously-characterized isatin molecule [11] at 150 K in the centro-symmetric P2 1 /c space group with the asymmetric unit comprising a single molecular unit as depicted in Figure 2 . It is interesting to note that the three methoxy substituent groups impose a considerable steric hindrance to the orderly packing in the solid state in 4,5,6-trimethoxyisatin, ultimately leading to an overall deformation of the molecule. Indeed, while in isatin the two conjugated rings are almost co-planar (with an average dihedral angle of only about 0.3º) [11] , in 4,5,6-trimethoxyisatin the plane of the benzene ring is considerably tilted (by ca. 5.6º) from that containing the heterocyclic moiety. 
Variable temperature X-ray diffraction
The X-ray diffraction pattern of a sample of 4,5,6-trimethoxyisatin was recorded as a function of temperature and the observed evolution with temperature is illustrated in Figure 5 . The results provide further support for the existence of structural changes between 150 and 200ºC. 
Hot stage microscopy studies
During the first heating cycle of the dye crystals noteworthy changes took place in the visual aspect of the sample at temperatures of about 172 ºC and 215-216 ºC ( Figure 6 ). This latter transformation occurred in the peripheral region of the newly-formed liquid phase and involved the appearance of small acicular crystals in the region surrounding the liquid phase.
During cooling of the sample, crystallization of the liquid phase occurred and this process was accompanied by the formation of a crown of acicular crystals. When the sample was subjected to a second heating cycle the material previously recrystallized from the liquid phase melted again at 212 ºC, however the acicular crystals surrounding this region did not melt, even when heated up to 274 ºC. The results of the thermogravimetric study suggest that the degradation of this sample occurs in two distinct phases, probably with rearrangement of the molecular structure and the loss of a small molecule (lost of CO [11] ). The first heating experiment was stopped at about 210 ºC, at the onset of degradation. The sample was cooled to room temperature at 10 ºC min -1 . At about 180 ºC a sharp exothermic crystallization peak, was observed. During the second heating a weak endothermic event was observed at 160 ºC. This may be associated with the phase change observed by hot-stage microscopy at about 170 ºC ( Figure 6 ).
A rather weak and disperse thermal event was also registered in the thermogram with an onset of 84 ºC, however attribution of this event to an identifiable thermal process has not been possible. There is no discernible weight loss associated with this exotherm and as it appears in both first and second heating curves it seems unlikely that it is caused by evolution of residual solvent from the sample.
Conclusions
In this study 4,5,6-trimethoxyisatin was characterized by structural and thermal techniques to determine the nature of the anomalous melting behaviour. The results of this study suggest that crystals of this substance undergo a phase transition with an onset at about 160-175 ºC.
Thermal degradation of the sample occurs in a two-stage process at temperatures close to 200 ºC. 
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